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Restenosis occurring after successful coronary angioplasty
is frequent and has major clinical implications
. However, its
true incidence has not been clearly defined as restenosis
rates recently reported (1) vary from 15% to 45% . Angio-
graphic documentation of restenosis is commonly preceded
by a recurrence of angina that often prompts a new investi-
gation and dictates subsequent management . However, cor-
onary restenosis can also be detected in angina-free patients
after stress testing of various types or after routine coronary
angiography (2-4). The reported incidence of such asymp-
tomatic restenosis also varies substantially, from 5% to 48%
(2-4). Previous reports (2,3) suggest that these asympto-
matic patients have a relatively benign course ; unfavorable
clinical events are ~isuatly preceded by symptoms . However,
optimal management in the presence or absence of exercise-
induced ischemia is not well established
.
The present study
. In their study reported in this issue of
the Journal, Hem'andez et al
. (4) compared the clinical and
angiographic characteristics and outcome of 133 consecutive
patients with asymptomatic coronary restenosis with those
of 144 patients with symptomatic restenosis
. The overall
restenosis rate was 33%, and 48% of the patients with
restenosis were symptom-free at the time of follow-up angi-
ography . A treadmill exercise test performed within days
after angioplasty showed abnormal ST segment changes in
15% of both symptomatic and asymptomatic patients with
restenosis and in 18% of patients without restenosis . How-
ever, at the time of follow-up angiography, only 37% of
asymptomatic patients with restenosis had exercise-induced
ST segment changes compared with 71% of symptomatic
patients
. Approximately 18 months after angioplasty, none
of the patients who had been asymptomatic at 6 months had
died or had had coronary bypass surgery and only 24 (I8%a)
had undergone repeat coronary angioplasty . In contrast,
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among the patients who had been symptomatic at 6 months,
98 (68%) had had a major coronary event
: 6 had died, I I had
had coronary bypass surgery and 81 had undergone repeat
coronary angioplasty .
These results are in agreement with those of previous
studies (2,3)
. The incidence of asymplomatic restenosis is
relatively high (25% to 35% in most recent reports L41) and is
associated with a favorable outcome (2,3)
. Angina usually
recurs well before the onset of major coronary events .
Finally, as in the present study, patients who have silent
restenosis usually have a very good exercise tolerance and
many have no evidence of exercise-induced myocardial
ischemia. To some extent therefore, the high incidence of
asymptomatic restenosis and its good prognosis in these
patients may be a result of the well known limitations of our
diagnostic tests
.
Limitations of symptoms and stress testing . As indicated,
the incidence of asymptomatic restenosis varies from 5% to
48% (2-4) .Conversely, previous reports (5,6) have shown
that 24% to 50% of patients with chest pain do not have
restenosis at follow-up angiography . On average, approxi-
mately 60% to 70% of patients with recurrent angina and
approximately 20% to 30% of those without recurrent symp-
toms have been shown (5,6) to have restenosis at follow-up
angiography
. Thus, symptoms are only moderately useful in
predicting restenosis after coronary angioplasty .
The value of exercise stress testing within the first few
days after angioplasty in predicting later restenosis has been
controversial (7,8) . In the present study, the test had a
relatively low level of positivity and did not discriminate
between patients with or without restenosis or between
symptomatic and asymptomatic patients with restenosis .
Other reports (7,8) have suggested that the very early results
of exercise electrocardiography and stress thallium-201 scin-
tigraphy are highly predictive of future restenosis
.
Exercise-induced ST segment depression has a moderate
sensitivity of 60% to 75% and a higher specificity of 70% to
85% in the detection of restenosis when the exercise tread-
mill test is performed 4 to 8 months after angioplasty (6) .
However, as in the present study (4), the test appears
significantly more useful in predicting restenosis in sympto-
matic than in asymptomatic patients . Exercise thallium-201
scintigraphy improves both the sensitivity and specificity,
but particularly the specificity, of the exercise electrocardio-
graph (ECG) in detecting restenosis (6) .
There are many potential explanations for the lack of
relation among symptoms, exercise-induced ischemia and
angiographic documentation of restenosis. Several were
identified in the present study (4)
. The absence of symptoms
and the absence of exercise-induced ST segment depression
in patients with restenosis at angiography may be related to
a nonsignificant stenosis, to nonviable myocardium (partic-
ularly in patients with single-vessel disease and prior myo-
cardial infarction), is complete occlusion with adequate
collateral circulation, to optimal antianginal or anti-ischemic
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medication or to a falsely negative exercise stress test result .
On the other hand, anginal chest pain or exercise-induced ST
segment changes in patients without restenosis at angiogra-
phy may be due to coronary vasospasm, a suboptimal initial
result, undiluted vessels, progression of disease and
nonanginal chest pain as well as to a false positive exercise
ECG result.
Limitations of coronary angiography. The incidence of
both restenosisdan  asymptomatic restenosis can vary
widely according to the definition of restenosis used . the
method of measuring it and the rate
of follow-up angiography
(1,9,10) . Proper standardization ofangiographic technique is
important. First, routine follow-up angiography must be
performed in a high proportion of consecutive patients . This
requirement was met in the present study, in which >90% of
the target patient group underwent follow-up angiography .
Second, the early postangioplasty and follow-up angiograms
must be performed under similar study conditions
. These
include the same projection angles, the same distance be-
tween patient and image intensifier and routine administra-
tion of
nitroglycerin to minimize variations in vascular tone
between studies; there is no indication whether these proce-
dures were followed in the present study . Third, the mea-
surement of stenosis must be as objective and reproducible
as possible ardi trust take into account the observer variabil-
ity of the method. The visual estimation used in this study
has a high
(10%
to 20%) inter- and intraobserver variability,
especially for moderate lesions. As a rule, the definition of a
significant restenosis must require, in addition to the crite-
rion of a >50% diameter stenosis, a meaningful degree of
change (usually in excess of 2 standard deviations of the
observer variability) between the measurements obtained
early after angioplasty and on to follow-up angiography (11) .
In this study, 40% of the lesions had a 50 to 749o stenosis
and it is possible that many might not have been categorized
as restenosed had more stringent criteria or a more objective
method such as quantitative coronary angiography been
used .
Clinial significance of study. It seems reasonable to
assume, for the reasons previously mentioned, that asymp-
tomatic patients with a negative exercise ECG result do not
have silent myocardial ischemia . These patients should
probably be
managed conservatively, and revascularization
should be performed only in the presence of significant
symptoms.
Patients who are suspected of having silent ischemia
because of a positive exercise ECG
result must undergo
additional investigation, including stress thallium-201 myo-
cardial scintigraphy, exercise radionuclide angiography,
stress echocardiography and possibly ambulatory ECG mon-
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itoring to further document the presence ofischemia . Recent
studies (12.13) have shown that patients with silent myocar-
dial ischemia have an unfavorable prognosis . irrespective of
symptoms . However. whether silent myocardial ischemia,
when documented, can be abolished by subsequent myocar-
dial revascularization is not known (14,15).'rherefore, until
this question is resolved by ongoing clinical trials . the
management of these patients must be individualized .
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